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Ultra Thin, Vitccle Uniformity 

Sam Le # Nitridation Nitride 
p Conditions Thickness 

1 N2 ,650°c, 10sec 9_ 6A0 

2 N2 ,650°c,20sec 9_ 8A0 

3 N2 ,650°c, 30sec 10. 074° 
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METHOD OF FORMING A NITRIDE GATE 
DIELECTRIC LAYER FOR ADVANCED 

CMOS DEVICES 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 
The present invention relates to methods used to fabricate 

semiconductor devices, and more speci?cally to a method 
used to form a gate dielectric layer comprised With silicon 
nitride, for complimentary metal oxide semiconductor 
(CMOS), devices. 

(2) Description of Prior Art 
The emergence of micro-miniaturiZation has alloWed 

metal oxide semiconductor ?eld effect transistor 
(MOSFET), or complimentary metal oxide semiconductor 
(CMOS), devices featuring sub-0.10 um channel lengths to 
be realiZed. Advances in speci?c semiconductor fabrication 
disciplines, such as photolithography and dry etching, have 
in part been responsible for attainment of the devices 
comprised With sub-micron features. The use of micro 
miniaturiZation also necessitates the use of ultra-thin gate 
dielectric layers, Wherein the thinner gate dielectric layers 
have to Withstand device operating conditions experienced 
by thicker gate dielectric counterparts. The use of a com 
posite dielectric stack such as a silicon nitride-silicon oxide 
layer offers dielectric strength comparable to thicker silicon 
oxide gate dielectric counterparts and thus is a desirable 
candidate for use in sub-0.10 um MOSFET devices, hoW 
ever the process sequence used to form the silicon nitride 
silicon oxide stack can be cumbersome, costly and dif?cult 
to control the ultra-thin components of the stack. Generally 
a four step process sequence, featuring groWth of an under 
lying silicon oxide layer, deposition of a thin silicon nitride 
layer, a high temperature anneal, and a high temperature 
reoxidation, is used for attainment of the silicon nitride 
silicon oxide gate stack. This process sequence can result in 
thicker than desired stack components via the use of the 
required higher deposition, anneal, and reoxidation tempera 
tures. 

The present invention Will describe a simpli?ed process 
sequence in Which a thin nitride-oxide gate dielectric stack 
is formed, featuring loW temperature processing, and fea 
turing improved thickness uniformity, yield and reliability, 
When compared to counterpart gate dielectric stacks pre 
pared Without the use of this invention. Prior art such as 
Bloom et al, in US. Pat. No. 6,228,779 B1, CheW et al, in 
US. Pat. No. 6,225,169 B1, Raaijamakers et al, in US. Pat. 
No. 6,348,420 B1, and Yu et al, in US. Pat. No. 6,362,085 
B1, describe methods of forming composite dielectric 
stacks, hoWever none of the prior art describe the novel 
process sequence detailed in the present invention. 

SUMMARY OF THE INVENTION 

It is an object of this invention to form a nitride-oxide 
stack for use as a gate dielectric in complimentary metal 
oxide semiconductor (CMOS), devices. 

It is another object of this invention to initially form the 
nitride component of the nitride-oxide stack on a semicon 
ductor substrate, via a plasma nitridiZation procedure Which 
provides excellent nitride thickness uniformity and 
controllability, independent of plasma nitridiZation time. 

It is still another object of this invention to employ a 
subsequent plasma oxidation procedure to groW the under 
lying oxide component of the nitride-oxide stack on the 
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2 
surface of an underlying semiconductor substrate, With the 
same plasma oxidation procedure removing bulk traps in the 
overlying nitride component. 

In accordance With the present invention a method of 
forming a nitride-oxide stack for use as a gate dielectric 
layer featuring a plasma nitridiZation procedure to uniformly 
and controllably form the nitride component of the dielectric 
stack on a semiconductor substrate, and featuring a subse 
quent plasma oxidation procedure used to form the under 
lying oxide component of the dielectric stack on the surface 
of the semiconductor substrate While repairing bulk traps in 
the nitride component, is described. A plasma nitridiZation 
procedure is performed to groW a uniform, thin silicon 
nitride layer on the surface of a semiconductor substrate 
using a loW groWth temperature Which alloWs the groWth of 
the nitride component of the nitride-oxide stack to be 
self-limiting in regards to thickness. A plasma oxidation 
procedure is next in situ performed at a loW temperature, 
removing bulk traps in the silicon nitride layer, While 
groWing the thin silicon oxide component of the nitride 
oxide stack on the surface of the semiconductor substrate, 
underlying the nitride component. The plasma oxidation 
procedure results in a top portion of the silicon nitride layer 
being converted to a silicon oxynitride layer. The removal of 
bulk traps result in a reliable nitride-oxide stack, While the 
loW thermal budget of the plasma steps, and the in-situ 
plasma procedures result in Wide process WindoWs as Well as 
process cost reductions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The object and other advantages of this invention are best 
described in the preferred embodiment With reference to the 
attached draWings that include: 

FIGS. 1—3, Which schematically, in cross-sectional style, 
shoW key process stages used to form the nitride-oxide gate 
stack. 

FIG. 4, Which in tabular form shoWs the controllability or 
self-limiting feature of the plasma nitridiZation procedure, 
Wherein the thickness of nitride component of the nitride 
oxide stack, is not in?uenced by time of nitridiZation. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The method of forming a nitride-oxide stack for use as a 
gate dielectric layer, featuring a plasma nitridiZation proce 
dure and a plasma oxidation procedure, used for self 
limiting nitride groWth and for removal of bulk traps in the 
nitride component, Will noW be described in detail. Semi 
conductor substrate 1, comprised of single crystalline, P type 
silicon, featuring a <100> crystalline orientation, is used and 
schematically shoWn in FIG. 1. A pre-clean procedure used 
to remove native oxide from the surface of semiconductor 
substrate 1, prior to the groWth of silicon nitride, is per 
formed using a hydro?uoric acid containing solution. The 
native oxide-free semiconductor substrate is then inserted in 
a chamber of a plasma tool and subjected to a remote plasma 
nitridiZation procedure resulting in the groWth of ultra-thin 
silicon nitride layer 2, at a thickness betWeen about 5 to 25 
Angstroms. This is schematically shoWn in FIG. 1. The 
plasma nitridiZation procedure is performed in a nitrogen 
ambient, at a poWer betWeen about 100 to 300 Watts, at a 
pressure betWeen about 1 mtorr to 10 torr, and at a tem 
perature betWeen about 25 to 700° C. The nitridiZation 
procedure is self-limiting in regards to the thickness of 
silicon nitride, With the diffusion of nitrogen to the surface 
of the semiconductor substrate in?uenced by the tempera 



US 6,727,134 B1 
3 

ture of the procedure. Therefore by maintaining a nitridiZa 
tion temperature of about 650° C., a thickness of about 10 
Angstroms of silicon nitride is reached in 10 sec, While 
increased RPN times of 20 and 30 sec, do not result in 
additional silicon nitride groWth. In addition the use nitrogen 
as a source eliminates the inclusion of hydrogen in the 
silicon nitride layer thus improving the reliability of this 
layer. Other means of forming silicon nitride employ hydro 
gen containing reactants such as silane (SiH4), and ammonia 
(NH3). The refractive index of silicon nitride layer 2, 
obtained via the above RPN procedure is betWeen about 1.95 
to 2.05. 

To improve the quality of plasma groWn, silicon nitride 
layer 2, a plasma oxidation procedure is performed to 
remove bulk traps from silicon nitride layer 2. This is 
accomplished via a remote plasma oxidation (RPO), 
procedure, performed in situ, in the same tool or chamber 
used previously for attainment of silicon nitride layer 2. The 
plasma oxidation procedure is performed at a temperature 
betWeen about 200 to 700° C., at a poWer betWeen about 100 
to 3000 Watts, at a pressure betWeen about 1 mtorr to 3 torr, 
in an oxygen ambient, for a time about 5 to 60 sec. In 
addition to remove bulk traps from silicon nitride layer 2, the 
RPO procedure results in the groWth of silicon oxide layer 
3, at a thickness betWeen about 5 to 30 Angstroms, on the 
surface of semiconductor substrate 1, underlying silicon 
nitride layer 2. Diffusion of oxygen through silicon nitride 
layer 2, enabled the groWth of silicon oxide layer 3, to be 
realiZed. The RPO procedure also converted a portion of the 
top surface of silicon nitride layer 2, to silicon oxynitride 
layer 4, at a thickness betWeen about 6 to 30 Angstroms. 
Thus composite dielectric layer 5, shoWn schematically in 
FIG. 2, comprised of silicon oxynitride layer 4, silicon 
nitride layer 2, and silicon oxide layer 3, is formed With an 
equivalent oxide thickness (EOT), betWeen about 5 to 20 
Angstroms. 

The employment of composite dielectric layer 5, as a gate 
dielectric layer is schematically shoWn in FIG. 3. A conduc 
tive layer such as doped polysilicon, metal silicide, or 
polycide (metal silicide on polysilicon), is deposited then 
patterned via conventional photolithographic and dry etch 
ing procedures to de?ne conductive gate structure 6. The 
photoresist shape used as a mask for de?nition of conductive 
gate structure can remain during a selective dry etch proce 
dure used to remove portions of composite dielectric layer 5, 
not covered by conductive gate structure 6. The selective dry 
etch procedure employs CHF3 as an etchant for silicon oxide 
layer 3, selectively terminating at the top surface of semi 
conductor substrate 1. Thus the use of loW temperature 
(about 650° C.), processing, and the absence of hydrogen 
containing reactants for attainment of silicon nitride, in 
addition to the loW temperature, in situ procedure for 
removal of bulk traps in the silicon nitride layer, alloWed 
self-limiting thickness as Well as improved quality of an 
ultra-thin dielectric layer to achieved. 

FIG. 4, in tabular form details the self-limiting thickness 
of silicon nitride via the remote plasma nitridiZation (RPN), 
procedure just described. It can be seen that increasing RPN 
time does not result in increased silicon nitride thickness as 
a result of the loW temperature procedure limiting the 
diffusion of nitrogen through the already groWn silicon 
nitride layer. 

While this invention has been particularly shoWn and 
described With reference to the preferred embodiments 
thereof, it Will be understood by those skilled in the art that 
various changes in form and details may be made Without 
departing from the spirit and scope of this invention. 

4 
What is claimed is: 
1. A method of forming a dielectric layer on a semicon 

ductor substrate, comprising the steps of: 
performing a ?rst plasma procedure to form a ?rst insu 

lator layer on said semiconductor substrate; and 
performing a second plasma procedure to remove traps in 

said ?rst insulator layer, With said second plasma 
procedure forming a second insulator layer on said 
semiconductor substrate underlying said ?rst insulator 
layer, and converting a top portion of said ?rst insulator 
layer to a third insulator layer, resulting in said dielec 
tric layer comprised of said third insulator layer on a 
bottom portion of said ?rst insulator layer, and an 
underlying second insulator layer. 

2. The method of claim 1, Wherein said ?rst plasma 
procedure is a remote plasma nitridiZation procedure. 

3. The method of claim 1, Wherein said ?rst plasma 
procedure is performed at a temperature betWeen about 25 to 
700° C. 

4. The method of claim 1, Wherein said ?rst plasma 
procedure is performed at a poWer betWeen about 100 to 300 
Watts, and at a pressure betWeen about 1 mtorr to 10 torr. 

5. The method of claim 1, Wherein said ?rst plasma 
procedure is performed for a time of 5 sec, or greater. 

6. The method of claim 1, Wherein said ?rst plasma 
procedure is performed in a nitrogen ambient. 

7. The method of claim 1, Wherein said ?rst insulator layer 
is a silicon nitride layer, formed at a thickness betWeen about 
5 to 30 Angstroms, via said ?rst plasma procedure, formed 
independent of plasma time. 

8. The method of claim 1, Wherein a refractive index of 
said ?rst insulator layer is betWeen about 1.95 to 2.05. 

9. The method of claim 1, Wherein said second plasma 
procedure is a remote plasma oxidation procedure, per 
formed in an oxygen ambient, in situ in same chamber used 
to perform said ?rst plasma procedure. 

10. The method of claim 1, Wherein said second plasma 
procedure is performed at a temperature betWeen about 200 
to 700° C. 

11. The method of claim 1, Wherein said second plasma 
procedure is performed at a poWer betWeen about 100 to 
3000 Watts, and at a pressure betWeen about 1 mtorr to 10 
torr. 

12. The method of claim 1, Wherein said second plasma 
procedure is performed for a time betWeen about 5 to 60 sec. 

13. The method of claim 1, Wherein said second insulator 
layer is a silicon oxide layer, formed at a thickness betWeen 
about 5 to 30 Angstroms. 

14. The method of claim 1, Wherein said third insulator 
layer is a silicon oxynitride layer, formed at a thickness 
betWeen about 6 to 30 Angstroms. 

15. The method of claim 1, Wherein said dielectric layer 
comprised of said third insulator layer, of bottom portion of 
said ?rst insulator layer, and of said second insulator layer 
is comprised With an equivalent oxide thickness (EOT), 
betWeen about 5 to 20 Angstroms. 

16. A method of forming a nitride-oxide composite stack 
layer for use as a gate dielectric layer, on a semiconductor 
substrate, comprising the steps of: 
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performing a Wet clean procedure to remove native oxide 
from surface of said semiconductor substrate; 

performing a plasma nitridiZation procedure in a plasma 
tool to form a silicon nitride layer on said semiconduc 
tor substrate; and 

performing a plasma oxidation procedure, in situ in said 
plasma tool, removing bulk traps in said silicon nitride 
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layer While forming a silicon oxide layer on said 
semiconductor substrate located underlying said silicon 
nitride layer, and converting a top portion of said 
silicon nitride layer to a silicon oXynitride layer, result 
ing in said nitride-oxide stack layer comprised of said 
silicon oXynitride layer, of a bottom portion of said 
silicon nitride layer, and of an underlying silicon oXide 
layer. 

17. The method of claim 16, Wherein said plasma nitrid 
iZation procedure is performed at a temperature betWeen 
about 25 to 700° C. 

18. The method of claim 16, Wherein said plasma nitrid 
iZation procedure is performed at a poWer betWeen about 
100 to 300 Watts, and at a pressure betWeen about 1 mtorr 
to 10 torr. 

19. The method of claim 16, Wherein said plasma nitrid 
iZation procedure is performed for a time of 5 sec, or greater. 

20. The method of claim 16, Wherein said plasma nitrid 
iZation procedure is performed in a nitrogen ambient. 

21.The method of claim 16, Wherein said silicon nitride 
layer is formed at a thickness betWeen about 5 to 30 
Angstroms, via said plasma nitridiZation procedure, With the 
thickness of said silicon nitride layer obtained independent 
of plasma time. 
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22. The method of claim 16, Wherein a refractive indeX of 

said silicon nitride layer is betWeen about 1.95 to 2.05. 
23. The method of claim 16, Wherein said plasma oXida 

tion procedure is performed at a temperature betWeen about 
200 to 700° C., in an oXygen ambient. 

24. The method of claim 16, Wherein said plasma oXida 
tion procedure is performed at a poWer betWeen about 100 
to 3000 Watts, and at a pressure betWeen about 1 mtorr to 10 
torr. 

25. The method of claim 16, Wherein said plasma oXida 
tion procedure is performed for a time betWeen about 5 to 60 
sec. 

26. The method of claim 16, Wherein said silicon oXide 
layer is formed at a thickness betWeen about 5 to 30 
Angstroms. 

27. The method of claim 16, Wherein said silicon oXyni 
tride layer is formed at a thickness betWeen about 6 to 30 
Angstroms. 

28. The method of claim 16, Wherein said nitride-oxide 
composite stack layer is comprised With an equivalent oXide 
thickness (EOT), betWeen about 5 to 20 Angstroms. 

* * * * * 


